Background: Carum carvi L. (caraway), known as black zeera in Iran, has been indicated for the treatment of epilepsy in Iranian folk medicine. This study evaluated whether the aqueous extract and essential oil of caraway seeds have anticonvulsant effects in mice. Methods: The anticonvulsant effects of the aqueous extract (200, 400, 800, 1600, and 3200 mg/kg, i.p.) and essential oil (25, 50, 100, 200, and 400 mg/kg, i.p.) of caraway were assessed using pentylenetetrazol (PTZ; 95 mg/kg i.p.) induced convulsions. Diazepam (3 mg/kg) was used as positive control. The latency time before the onset of myoclonic, clonic, and tonic convulsions and the percentage of mortality were recorded. In addition, the effect of caraway on neuromuscular coordination was evaluated using the rotarod performance test. Results: The extract and essential oil dose-dependently increased the latency time to the onset of myoclonic (ED50, 1257 and 62.2 mg/kg, respectively) and clonic (ED50, 929 and 42.3 mg/kg, respectively) seizures. The extract and essential oil of caraway prevented the animals from tonic seizure with ED50s of 2142.4 and 97.6 mg/kg, respectively. The extract and essential oil of caraway protected 28.6 and 71.4% of the animals from PTZ-induced death, respectively, and had no significant effect on neuromuscular coordination. Conclusion: This study showed that the aqueous extract and essential oil of caraway had anticonvulsant properties. However, the essential oil was more potent and effective than was the aqueous extract as an anticonvulsant. Additionally, the anticonvulsant effect of caraway was not due to a muscle relaxant activity. These findings support the acclaimed antiepileptic effect of caraway in folk medicine and propose its potential use in petit mal seizure in humans.
Introduction
Epilepsy is a serious brain disorder that could affect anyone at any age. Epilepsy, if symptomatic, could decrease life expectancy by about 18 years. 1 There are many antiepileptic drugs available worldwide; however, one-third of those who develop epilepsy
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What's Known
• Previous studies have revealed the different properties and potential medical effects of caraway, including its central anti-stress and nootropic effects.
• In Iranian ancient and folk medicine, it was believed that caraway seeds possessed antiepileptic effects. Carvone, a chemical constituent of caraway seeds, exhibited anticonvulsant activity in animal models of seizure.
What's New
•
The aqueous extract and essential oil of caraway possessed dosedependent anticonvulsive properties. The essential oil was a more effective and potent anticonvulsant than the aqueous extract. The essential oil and aqueous extract of caraway had no muscle-relaxant activity.
•
The maximum non-lethal dose of the aqueous extract and essential oil of caraway were 3200 mg/kg and 400 mg/kg, respectively. unfortunately continue to experience uncontrolled seizures. 1 Discovery of new drugs is the only hope for most of these individuals. Additionally, most of the current antiepileptic drugs have major side effects, which underscores the need for the discovery of newer drugs with lesser side effects.
Ethnomedicine, known as the consumption of plants by humans for medical purposes, goes back to at least 60,000 years ago. 2 Plants have had a great contribution to the production of more than 7,000 compounds in the pharmaceutical industry in developed countries. 3 Thus, the extract and essential oil of plants are an excellent source for finding new anticonvulsant drugs with higher activity and/or lower toxicity and for developing complementary remedy for epilepsy. Several plant species indicated to possess antiseizure properties in various folkloric medicines have exhibited anticonvulsant effects in animal models. 4 Carum carvi L. (family: Apiaceae), known as caraway (black zeera in Iran), has been vastly used since ancient times for different purposes, including food flavoring and folklore therapy. 5 In Iranian folk medicine, caraway has been indicated for gastrointestinal upsets (carminative, spasmolytic, and antiflatulence), fever, colds and coughs, menstrual disorders, breast-milk stimulation, and pain relief. 6, 7 Previous studies have revealed different properties and potential medical effects of caraway such as its antimicrobial, 8 antidiabetic, 9 diuretic, 10 antiulcerogenic, 11, 12 estrogenic, 4 renoprotective (against diabetic nephropathy), 13 and hypolipidemic 14 effects. In Iranian ancient and folk medicine, it is believed that caraway seeds possess antiepileptic effects. 7, 15 There are also social beliefs that caraway is an effective remedy for epilepsy due to its warm and dry nature. Experimental studies have reported the central effects of caraway including antistress (adaptogenic) and nootropic activity. 16 In addition, several species belonging to Apiaceae family, including Cuminum cyminum Linn., 17 Ferula gumosa Boiss., 18 Heracleum crenatifolium, 19 Pimpinella anisum L. (anise), 20 and Carum copticum 21 , have been shown to exhibit anticonvulsant activity. Furthermore, carvone, a chemical constituent of caraway seeds, has previously been demonstrated to exhibit anticonvulsant activity in animal models of seizure. 22 Moreover, caraway is thought to exert anti-inflammatory and antioxidant 23 activities, indicated to be beneficial in the treatment of epilepsy. Based on this evidence, the present study sought to evaluate the anticonvulsant effects of the essential oil and aqueous extract of caraway in an animal model of petit mal seizure to confirm its acclaimed ethnomedical use. The animal model of pentylenetetrazol (PTZ)-induced convulsions was used in this study. It is the principal, commonly used, and reliable animal model with a high predictive validity for evaluating potential anticonvulsant agents effective against absence seizure in humans. 24 
Materials and Methods
Experimental Animals
International standard guidelines for the care and use of animals were thoroughly observed in this study. The study was approved by the local Ethics Committee of Shiraz University of Medical Sciences (SUMS) for animal care and was conducted from May 2013 to July 2014 at the Department of Pharmacology, SUMS. All the experiments were performed between 9:00 a.m. and 13:00 p.m.
Adult male albino mice (25-35 g) were obtained from the Animal House of SUMS. The mice were housed under standard conditions throughout the study (12:12 h light/dark cycle and controlled temperature [22ºC±2]). The animals had free access to food and water and were given at least one week to acclimatize to laboratory conditions.
Drugs
Diazepam hydrochloride (10 mg/2 mL) from Darou Pakhsh Pharmaceutical Company (Iran) was employed as positive control. It was diluted to 3 mg/10 mL with water before use. Different concentrations of the aqueous extract and essential oil of caraway were freshly prepared on test days by serial dilution from a stock solution of 320 mg/mL in water and 40 mg/mL in olive oil, respectively. All the drugs were administered intraperitoneally (i.p.) in a volume of 0.1 mL/10 g body weight of mice.
Preparation of The Aqueous Extract
Dried caraway seeds were purchased from an herbal store in Shiraz and authenticated by the Department of Pharmacognosy at SUMS (herbarium # PM-673).
The aqueous extract (5.5% w/w) was obtained by macerating powdered caraway seeds in distilled water for 24 hours. After the filtration, the filtered extract was concentrated over water bath and brought to dryness using a desiccator.
Preparation of the Essential Oil
The essential oil (2.2% w/w) with a paleyellowish color and a fresh pleasant odor was obtained from powdered caraway seeds by water distillation using a Clevenger-type apparatus. 25 
Phytochemical Screening of Plant Preparations
The aqueous extract was screened for the presence of tannins, alkaloids, saponins, flavonoids, terpenoids, and anthraquinones using standard procedures. 26 The essential oil was analyzed for the detection of carvone by thin-layer chromatography on silica gel 60 F 254 (layer thickness, 250 μm) using Toluene: EtOAc (93:7). The spots were visualized by UV illumination and vanillin/H2SO4 reagent. 27 
Assessment of the Acute Toxicity of the Aqueous Extract and Essential Oil of Caraway
The mice (n, 5/group) were intraperitoneally administered different doses of the aqueous extract (1600, 3200, 3600, 4000, or 5000 mg/kg) and essential oil (200, 400, 600, 800, or 1200 mg/kg) and were observed for 24 hours for any possible mortality. The highest dose that caused no death up to 24 hours was considered as the maximum nonlethal dose. Doses of the aqueous extract and essential oil used in this study were chosen based on their respective maximum nonlethal dose.
Assessment of the Effect of the Aqueous Extract of Caraway on PentylenetetrazolInduced Seizure
Forty-nine adult male albino mice were randomly divided into 7 groups (n, 7/group) and were intraperitoneally administered different doses of the aqueous extract (200, 400, 800, 1600, or 3200 mg/kg), water (vehicle), or diazepam (3 mg/kg) 30 minutes before the intraperitoneal injection of 95 mg/kg of PTZ. The dosage of diazepam was based on the previous studies in our laboratory. 28 
Assessment of the Effect of the Essential Oil of Caraway on Pentylenetetrazol-Induced Seizure
Forty-nine adult male albino mice were randomly divided into 7 groups (n, 7/group) and were intraperitoneally administered different doses of the essential oil (25, 50, 100, 200, or 400 mg/kg) or olive oil (vehicle) 30 minutes before the intraperitoneal injection of PTZ (95 mg/kg).
Pentylenetetrazol-Induced Seizure
Thirty minutes after the administration of the different doses of the aqueous extract or the essential oil, vehicles, or diazepam, each mouse was intraperitoneally injected PTZ (95 mg/kg). The mice were closely monitored during a 30-minute period following the injection of PTZ, and the latency times to the onset of myoclonic, clonic, and tonic convulsions were recorded. 28 The dose at which caraway exhibited 50% of its maximal effect in delaying the onset time to myoclonic and clonic seizures (ED50) was determined by GraphPad Prism, version 5. In addition, the numbers of death/group were recorded up to 24 hours after PTZ injection. The ED50s, median effective doses of caraway protecting 50% of the mice against PTZ-induced tonic seizure or death, were determined via the Litchfield and Wilcoxon method 28 using PHARM/ PCS software, version 4.
Assessment of the Effect of Caraway on Neuromuscular Coordination
The effect of the caraway on coordinated motor movements was assessed using the rotarod performance test. 28 Twenty-four hours prior to the test, the mice were trained to remain on the rotarod (diameter, 3 cm; 20 rpm) for more than 60 seconds. On the next day, the mice were tested on the rotarod (UGO Basile, Italy, model 7600) before and 30 minutes after the intraperitoneal administration of the different doses of the aqueous extract (200-3200 mg/kg; n, 6/group) or essential oil (25-400 mg/kg; n, 6/group), diazepam (3 mg/kg; n, 6), water (n, 6), or olive oil (n, 6). The stay time on the rotarod was recorded for each mouse for a maximum of 300 seconds.
Statistical Analysis
The results were expressed as mean ± standard error of the mean. The data were normally distributed based on the Kolmogorov-Smirnov test. The data from the PTZ experiments were analyzed using the one-way analysis of variance, followed by the Dunnett t test. The numbers of the animals protected from tonic convulsion or death were compared using the Fisher exact test. The data from the rotarod experiments were analyzed by analysis of covariance with time spent on the rotarod before injection as a covariate. The linear regression analysis was used to evaluate the dose-dependent effects of the extract and essential oil. Statistical Package for the Social Sciences (SPSS), version 18, was used for data analysis. A P value <0.05 was considered statistically significant.
Results
Acute Toxicity of Caraway
The maximum nonlethal dose of the aqueous extract and essential oil were 3200 mg/kg and 400 mg/kg, respectively, which were used as the highest tolerable doses of the aqueous extract and essential oil in this study.
Phytochemical Screening
Phytochemical screening showed that the aqueous extract contained tannins, alkaloids, and terpenoids. Carvone, the main constituent to identify and standardize the caraway oil, 27 showed a hot red spot in the middle of the thinlayer chromatogram (Rf, 0.5).
Effect of the Aqueous extract of Caraway on Pentylenetetrazol-Induced Seizure
The aqueous extract at doses of 800, 1600, and 3200 mg/kg significantly increased the latency time to the onset of myoclonic seizure by 221.2, 370.6, and 378.5% (F (5, 41) figure 2) . The essential oil at 25mg/kg increased latency to clonic seizure by 92% in comparison to the control group, but it did not reach the significance level (P=0.080) (figure 2). The effect of the essential oil on myoclonic The essential oil at 200 mg/kg protected 57.1% of the animals from tonic seizure and death, but it did not reach the significance level (P=0.07). The dose at which the essential oil protected half of the animals from tonic seizure and death (ED50) was 97.6 and 316.4 mg/kg, respectively.
There were no significant differences in latencies to the onset of myoclonic and clonic seizures and the percentage of the animals showing tonic seizure and death between the water and olive oil groups.
Effect of the Aqueous Extract and Essential Oil of Caraway on Neuromuscular Coordination
The independent t-test showed that diazepam at 3 mg/kg caused a significant reduction in the number of seconds that the mice spent on the rotarod, compared to the control group (P=0.020) (figure 3). The aqueous extract at doses of 200, 400, 800, 1600, and 3200 mg/ kg decreased the stay time on the rotarod by 16.4, 23.6, 21.5, 13.6, and 19% from baseline, respectively (figure 3). However, these changes were not statistically significant in comparison to the control group.
The essential oil at doses of 25, 50, 100, 200, and 400 mg/kg reduced the stay time on the rotarod by 12.3, 22.9, 15.4, 29.3, and 23.2% from baseline, respectively (figure 4), which was not significantly different from the control group.
Discussion
The present study showed that both the aqueous extract and the essential oil of caraway seeds had anticonvulsive properties. However, our findings indicated that the essential oil was more potent than was the aqueous extract as an anticonvulsant. As compounds effective in the PTZ test seem to be effective in absence seizure in humans, 29 caraway may have a potential clinical use in absence seizure.
In the current study, the aqueous extract prevented PTZ-induced seizure in a dosedependent manner, but it could not fully protect the animals from PTZ-induced death. Since no other studies have evaluated the effect of caraway on seizure, it is not possible to compare our results. Nonetheless, the aqueous extract of C. cumin (green zeera), a member of the Apiaceae family, has exhibited antiepileptic activities in a dose range 17 of 400-4000 mg/kg using PTZ-induced seizure, which is in agreement with the current finding. Nevertheless, the extract of caraway seems to have higher efficacy than does that of cumin on delaying clonic seizure (402% vs. 330%) and preventing death (28.6% vs. 0%). The aqueous extract of C. copticum, another member of Apiaceae family, also attenuated seizure in a PTZ-kindling model. 21 Although C. copticum exerted anticonvulsant property at lower doses (200-600 mg/kg) than did caraway, this might be due to the different models of seizures and animals (rats vs. mice) used in the two studies and/or the presence of different phytochemicals in these extracts.
The essential oil exerted anticonvulsant activity in a dose-dependent manner in the present study. Chiming in with our result, a previous study showed that the fruit essential oil of cumin attenuated PTZ-induced seizures in mice. 30 The caraway and cumin oils have a similar minimum effective and maximum nonlethal dose. However, it appears that the caraway oil is more effective than is cumin oil in delaying clonic seizure (275.6% vs. 223.6%) and protecting mice from death (72% vs. 0%). These similarities and differences between the essential oil of caraway and cumin may be related to common as well as dissimilar phytochemical constituents present in these plants, 25 which may be responsible for their anticonvulsant activities. In concordance with the results of the current study, the essential oils of the other species of Apiaceae family exhibited anticonvulsant properties against PTZ-induced seizure. Anise oil (0.25-1 mL/kg) supressed PTZ-induced tonic seizure and death in mice. 31 In addition, anise oil (1-3 mL/kg) prolonged seizure attacks and decreased the duration and amplitude of epileptiform burst discharges induced by PTZ injection in rats. 20 Nevertheless, the reported LD50 (0.93 mL/kg) and ED50 (0.52 mL/kg) of anise oil in mice 31 indicate that this oil has a low therapeutic index (1.79) and that its reported anticonvulsant doses in mice are within a toxic range. Similarly, the essential oil of F. gumosa (2.5 mL/kg) showed anticonvulsant effect against PTZ-induced seizure, but its effective dose was toxic and close to its LD50 value (2.62 mL/kg). 18 Conversely, caraway oil at its anticonvulsant doses did not show any neurotoxicity in the rotarod performance test, and its effective doses were much lower (0.058-0.46 mL/kg) than were those of anise 31 and ferula 18 oils. Taken together, it seems that caraway oil has higher efficacy, more potency, and less toxicity against PTZinduced seizure than do the essential oils of the other plants from Apiaceae family studied thus far. Therefore, caraway oil seems to have a potential value as an anticonvulsant in the future. Certainly, more studies using different models of seizures are needed to further characterize the anticonvulsant potential and spectrum of the activity of caraway oil.
The findings of this study indicated that caraway oil was more potent in delaying myoclonic and clonic seizures and more effective in protecting animals from PTZ-induced death than was the aqueous extract of caraway. This may be due to the type and/or amounts of chemical compositions in the essential oil of caraway. Future studies for further evaluating the anticonvulsant potential of caraway should focus on this fraction. The phytoconstituent(s) and mechanism(s) responsible for the anticonvulsant activity of caraway are not clear. The essential oil of caraway has multiple compounds, including carvone, carvacrol, carvenone, limonene, linalool, γ-terpinene, α-pinene, linalool, and p-cymene. 25 One or a combination of these compounds may contribute to the anticonvulsant effect of caraway oil. In a study, (S)-(+)-carvone (200 mg/kg) was reported to increase the latency of convulsions induced by PTZ and picrotoxin. 22 Another study showed the anticonvulsant ability of cyanocarvone in the mouse hippocampus, probably through increasing the activity of acetylcholinesterase enzyme. 32 Alternatively, a blockade of voltagegated Na + channels resulting in reduced isolated nerve excitability and the modulation of the GABAergic system have been proposed as mechanisms underlying the anticonvulsant effect of a natural α,β-epoxy-carvone-compound. 33 This evidence suggests that carvone, detected in caraway oil in the present study, may partly be responsible for the anticonvulsant activity of caraway. It is noteworthy that the antiseizure effect of caraway oil in the present study started at 50 mg/kg, which is lower than the effective dose of carvone (200 mg/kg). This suggests that the anticonvulsant activity of caraway oil is probably mediated by a synergy between various phytochemicals present in the essential oil acting through different mechanisms. This is supported by the findings that other constituents present in caraway oil such as limonene (200 mg/kg), 34 linalool (200 and 300 mg/kg), 35 and carvacrol (200 mg/kg) 36 are all bioactive in a PTZ model of seizure but at doses higher than the minimum effective dose of caraway oil. The anticonvulsant property of linalool has been attributed to its direct interaction with the NMDA receptor complex and also to the modulation of acetylcholine mechanism. 35 Limonene seems to act with a mechanism similar to benzodiazepines, which is the potentiation of GABAergic neurotransmission. 34 Taken together, it can be suggested that various compounds via different mechanisms of actions collectively contribute to the antiseizure effect of caraway oil.
Phytochemical analysis confirmed the presence of terpenoids in the aqueous extract in the present study. In accordance with this finding, water-soluble carvone derivatives and their glucosides were found in caraway extract. 37 Terpenoids and plants containing these compounds were shown to exert anticonvulsant activity. 38 Therefore, terpenoids may in part underlie the antiseizure action of caraway extract via different mechanisms, 38 as was described above.
The presence of alkaloids was detected in the aqueous extract of caraway in this study. Many kinds of alkaloids have shown anticonvulsant effects by such diverse mechanisms as modulating neurotransmitter systems, blocking calcium influx, blocking sodium channels, and anti-inflammatory and antioxidant activities. 38 In addition, the antiepileptic properties of plant species such as Aconitum species, Piper species, and Rauwolfia serpentine have been attributed to their alkaloid compounds. 38 Therefore, alkaloids may be another phytochemical contributing to the anticonvulsant activity of caraway extract.
In summary, as a wide range of compounds exist in caraway seeds, it is difficult to ascribe the anticonvulsant property of caraway to a particular compound or to a specific mechanism of action. Certainly, the phytoconstituent(s) responsible for the observed anticonvulsant property of caraway and the relevant mechanisms should be identified in future studies.
Conclusion
This study showed that both the aqueous extract and the essential oil of caraway possessed dose-dependent anticonvulsive properties. The essential oil was a more effective and potent anticonvulsant than was the aqueous extract; thus, it may have a potential clinical use in absence seizure in humans. Our findings support the acclaimed anticonvulsant effect of caraway in folkloric medicine; however, the responsible phytochemical(s) and the underlying mechanism of its action should be clarified in future studies.
